Abstract
Introduction
Cervical cancer (CC) burden is inversely proportional to medical resources (expressed by human-development index -HDI) being the main neoplasm, together with breast cancer, among women worldwide [1] . In medium-HDI countries, such as Poland and other Middle-East European countries, CC is a common malignant tumor of the female genital tract [1, 2] .
Cancer antigen 125 (CA-125) is a mucinlike glycoprotein being a marker of tumor cells differentiation. Its serum concentration correlates with the mass of living tumor cells [3, 4] . The reference value for suspicion of epithelial ovarian cancer (EOC) is <35 U/ml. Broad (and nonspecific) application of CA-125 is reflected in identification of EOC, and positive lymph nodes (LNs) in endometrial cancer [5] . The increase in CA-125 level after completed treatment is an important marker for recurrence of EOC [6] . It is detected in the exo-and endocervix in CC [7] . Elevated CA-125 was reported in 43-75% of women with adenocarcinoma and in 19-26% of women with squamous cell carcinoma (SCC) of the cervix [8] [9] [10] . Moreover, some studies have shown that the complementary evaluation covering CA-125 and SCC antigen (SCC-Ag) in serum is one of the prognostic factors related to the number of positive LNs and survival in SCC [11] [12] [13] . In addition, combined evaluation of CA-125 and CA 15-3 can attest to the extremely poor prognosis [14] . Some researchers postulate the measuring of SCC-Ag to be unreliable, and it is not as accessible and popular as CA-125 [14] . There are studies that show that the isolated CA-125 biomarker is also suitable for monitoring the course of CC, however, it refers rather to adenocarcinoma [15] [16] [17] .
There is evidence indicating a correlation of CA-125 with both adenocarcinoma and SCC. Previous studies of the latter histological type have focused on finding a correlation of preoperative levels of CA-125 with tumor size, grade, depth of invasion, infiltration of the lymphvascular spaces and extrauterine spread of disease, including invasion of the parametrium [10] [11] [12] [13] [14] [15] [16] [17] [18] . However, available literature does not discuss CA-125 reference test results regarding low volume lymph node disease (LVLND, consisting of micrometastases, MICs, and isolated tumor cells, ITC) in SCC. It was found that in the group of early carcinomas (IA1-IB1 by the Fédération Internationale de Gynécologie et d'Obstétrique [FIGO] ) and locally advanced (FIGO stages IB2-IIB), the incidence of lymph node metastasis is 4 -15% and 12 -27%, respectively [19, 20, 21] . The question is whether CA-125 biomarker may be used for determination of MICs and ITC in patients with CC diagnosed before surgery. cells [23] .An example of IHC staining is shown in supplemental material S1 presenting a lymph node with a MIC of about 1.6 mm in greatest dimension.
Material and methods

Statistical analysis
The analysis took into account variables which could affect CA-125 outcomes, like previous conization or trachelectomy, ovarian cyst (confirmed by histology or clinically -when the surgery was related to the uterus only), and comorbidities, such as bowel disease, coexistence of another cancer, liver disease and endometriosis.
Distribution of CA-125 differed from the normal distribution (p<0.01, KolmogorovSmirnov test with Lilliefors correction), therefore statistical analysis was performed using nonparametric methods. Mann-Whitney test (M-W) was employed to assess the relationship between CA-125 and dichotomous variables, however, the dependence of CA-125 on multipartite variables was tested using nonparametric Kruskal-Wallis (K-W) ANOVA. What is more, we assumed that CA-125 is a metastasis predictor, therefore we established a measure of discrimination and calibration: ROC (Receiver Operating Characteristic) curve, the area under the ROC curve, and the Pearson chisquare statistics, respectively.
Results
The mean age of the patients was 51 (SD 13.47, range 23 -71, median 55 years). The average concentration of CA-125 in the test group was 20.9 U/mL (SD 23.018, range 4.4 -137.5, median 14.1). LNM was detected in 12 cases, including 6 with LVLND. Table 1 presents the number of individual variants of analyzed variables and the level of statistical significance for relation with CA-125. The analysis showed that excepting prior cervix surgery, the test group of patients was not significantly burdened by coexisting factors. LVLND but not LNM was positively correlated with premenopausal age (chisquare test, p = 0.0285). The relationship between age and LNs status is shown in Table 2 .
There was no statistically significant relationship between CA-125 and histological CC types (M-W test, p=0.907). There was also no statistically significant correlation of CA-125 concentration with the severity of the disease according to FIGO (K-W test, p = 0.467).
There was found no statistically significant correlation between CA-125 value and LNM (M-W test, p=0,2867). No significant variation of ROC curve from a reference line was recorded, in addition it is repeatedly crossed (AUC 0.606; 95% CI 0.421-0.791, p=0.2601) (Figure 2) . For the cut-off point 35 U/mL we obtained accuracy = 0.667, sensitivity = 0.083, specificity = 0.879 of predicting LNM based on CA-125 concentration. There was no statistically significant correlation between CA-125 concentration and grade (K-W test, p=0.1692), despite the fact that it was demonstrated that grade affects the risk of metastases to the LNs (chi square p < 0.04). No relationship between disrupting factors and the presence of LNM for any of listed factors was found.
There was no statistically significant relationship between CA-125 value and MIC (M-W test, p=0.873). The ROC curve repeatedly crosses the reference line (AUC 0.527 (95% CI 0.24 -0.815, p=0.851) (Figure 3) . For the cut-off point 35 U/mL we obtained accuracy = 0.822, sensitivity = 0.902, specificity = 0 of predicting MIC based on CA-125 concentration. No significant dependence of CA-125 and MIC was found. No relationship between disrupting factors and the presence of at least one LN with MIC without MAC per patient was found. (Figure 4) . However, this trend is not statistically significant (AUC = 0.395; 95% CI 0.135 -0.655, p=0.4302). For the cut-off point 35 U/mL we obtained accuracy = 0.80, sensitivity = 0.167, and specificity = 0.897 in predicting LVLND based on CA-125 concentration.
Discussion
Ultrastaging is not routinely used in assessing LNM and causes stage migration, and consequently may provoke discrepancies between FIGO staging and actual prognosis. Previous studies did not focus on the relationship of biomarkers and low volume metastases, due to the fact that there was no accurate method for their preoperative analysis. It is important to ask whether the inexpensive and widely available CA-125 biomarker may be used for determination of MIC and ITC in patients with CC diagnosed before surgery. This could significantly help in targeting treatment as an element of tailoring therapy. The study has several limitations. The first of them is that the number of patients was relatively small, and therefore the same is true of lymph node events. This is due to the fact that histopathological examination by means of histopathological ultrastaging is costly and time consuming and, therefore, difficult to perform routinely. The second is that there is no comparative research and also no previous own study available to validate our investigation. The third limitation is the use of a single tumor biomarker, which may be less specific in diagnosing target disease.
In both clinical experience and cited research, an elevated level of CA-125 was found in the poor outcome CC patients, especially where distant recurrences to LNs occur [24] .
On the other hand, the correlation of CA-125 level with initial stage of disease cannot always be found [18, 24] , however, it may be taken under consideration in determining the risk of parametrial infiltration [18] . Although the biology of CA-125 did not support the rationale of early detection of MIC to LN by CA-125, it is unknown whether CA-125 may indicate an altered state of health, caused by LVLND. In this study, the routine preoperative application of CA-125 was addressed to ultrastaged LNs. We found no correlation between preoperative concentration of CA-125 and LVLND. Also, no influence of this biomarker on the LN metastasis was found. However, it may be possible that at high concentrations of CA-125, diagnosis of LVLND may be less probable, as suggested by the ROC curve (below the reference line) in CA-125 and LVLND dependence analysis, and, in turn, it will be more probable to find MACs. Perhaps different levels of CA-125 identifying increased risk of LVLND in CC are different than those that help detect ovarian cancer. The premenopausal age was linked with LVLND, which may be explained by a long time of disease development -CC of lower biological stage at the time of diagnosis may be found in younger women. Nevertheless, both latter statements require evaluation on a larger group of patients.
CA-125 has a wide use in oncology. In the ovarian adenocarcinomas an elevated level of CA-125 after the treatment may indicate recurrence of disease in 2 -8 months before clinical manifestation [6] . On the other hand, Divine et al. showed that CA-125 < 81 U/mL at brain metastasis diagnosis in ovarian cancer is associated with longer survival [25] . In CC, CA-125 is currently useful in pre-treatment prediction of prognosis, in particular in adenocarcinoma, and in prediction of LNM in this histological type as well. These applications have a level of evidence III-IV according to the Evidence Based Medicine principles [26] . The current study confirms this evidence. Therefore, it seems reasonable to test CA-125 in adenocarcinoma cases, especially in young women, who are at risk of ovarian recurrence when ovaries are preserved. In this study, this group was small (2 out of 3 patients with adenocarcinoma aged 25 and 30 had the ovary or ovaries left). To date no similar research has been done on CC, and it is not known if CA-125 may serve as a predictor of recurrence in ovary-sparing cases. Nowadays, it becomes less routinely to perform imaging studies to monitor the treatment course of patients with cancer [27] , and this is where the cancer biomarkers could be successfully implemented. However, when a method does not work at the beginning of a disease, it does not mean it will not support its monitoring or treatment of disease consequences. Hoogendam et al. stated that in the case of SCC relapses, SCC-Ag and high sensitive C-reactive protein (hsCRP) are the best biomarkers [28] . In our study no recurrence, but a risk of metastases to the lymph nodes, in any form -ITC, MIC or MAC, was assessed. We obtained high levels of specificity, and therefore the hypothesis about the usefulness of CA-125 in the range above the pathological values, in respect of the LNM, and LVLND prediction, may be rejected. The lower values (valid ones) are present in the majority of healthy women, who are not during menstruation or ovulation, therefore it is difficult to assume that they may have SCC, or may develop it in the future.
There was no statistically significant correlation of CA-125 concentration with the severity of the disease according to FIGO. However, it was eventually confirmed with ultrastaging. The fact that mean result of the CA-125 measurements was within the reference values confirms the limited usefulness of CA-125 in predicting hidden metastatic diseases. The non-significant trend found between CA-125 and LVLND could be just the effect of a small sample size (only 6 cases with LVLD). Perhaps at this moment, the inverse relationship can be explained by the fact that CA-125 can be considered as a marker of general cancer, hence its lower concentrations occur in cases of more advanced disease (not in case of LVLND). In future research, the relation between CA-125 and LVLND should be analyzed on a larger sample to confirm or reject the correlation between CA-125 and LVLND. The employment of the nonspecific CA-125 biomarker was dictated by its low price and wide availability. Also, its nonspecificity was reduced by taking into account factors which could decrease its importance in CC. In some studies, in order to predict events such as parametrial or lymph node invasion, SCC-Ag is combined with CA-125. SCC marker was not used in our study due to economic reasons (health economic policy, institution economy), moreover it has no screening significance, and therefore it is not performed routinely in our center. The study by the Canadian Society of Gynecologic Oncology of Canada showed that Supplemental material S1 Lymph node containing a micrometastasis of about 1.6 mm in greatest dimension -Magnification 40x, staining with immunohistochemistry (AE 1/3 antibodies).
operators expect a result of CA-125 only in the case of pelvic adnexal mass [29] . However, as showing the immunohistochemical study by Togami et al., CA-125 is strongly expressed by cancer cells of serous adenocarcinoma of the uterine cervix and mucinous endocervical adenocarcinoma [30] . However, they are less common than EOC.
To our knowledge, this is the first study evaluating a potential relationship between a serologic tumor marker (CA-125) and the LN metastatic disease, as detected by histopathological ultrastaging technique, in patients with early stages of CC. Although CA-125 alone seems to be insufficient to assess the risk of finding LVLND in SCC of the cervix, perhaps together with SCC-Ag biomarker it would be a better predictor for LVLND. Moreover, an analysis of a larger group of patients with more varying disease severity status could enable finding the correlation between CA-125 and the early LNM status in some, more specified cases. This study, irrespective of negative results, brings new insight into the use of CA-125 in cervical cancer patients. According to the authors, the subject of LVLND should be given more consideration due to the fact that finding new uses for "old" biomarkers is much cheaper than developing new biomarkers. 
